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NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  OTHER  DATA 
ARE  USED  FOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  A DEFINTTELY  RELATED 
GOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCURS 
NO  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 

Implication  or  otherwise  as  in  any  manner  ucensing  the  holder  or  any  other 

PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RICmTS  OR  PERMISSION  TO  MANUFACTURE, 
USE  OR  SELL  ANY  PATENTED  INVENTION  THATTHAT  IN  ANY  WAY  BE  RELATED  THERETO. 
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PINAL  REPORT 

An  Ecological  and  Tbjconomic  Survey  of  the 
Freshwater  Alme  of  Petroleum  Reserve  No.  4, 
in  Relation  to  Distribution  of  Arctic  and 
Alpine  Algae  in  the  'Testem  Hemisphere 

The  field  work  for  this  project  was  carried  on  during  the  lo-te  summer  and 
fall  of  1951*  ^4c  s-ummer,  fall  and  winter  of  1952*  the  summer  of  1953  (all  in 
arctic  Ala,skp.t  Arctic  Research  Labora.tory) ; also  (by  extension  of  contmet)  in 
the  spring  of  1953  (January-April)  in  the  alpine  regions  of  Ecuador,  The  writer 
V7ishes  to  e2q)ress  his  appreciation  and  gro.titude  to  the  Office  of  Naval  Research, 
the  personnel  of  the  Arctic  Research  Iabora,tory  Advisory  Bof>-rd,  and  to  the 
Director  and  staff  of  the  Arctic  Research  Laboratory  for  making  this  investiga- 
tion possible. 

The  personnel  in  this  project  consisted  of;  G.  Prescott,  investigator; 
lx,  George  Lauff,  Ijilr.  William  Vinyard  (assistants,  1951);  Mr*  Robert  Haubrich, 

Ifr.  John  Koranda  (assistants,  1952-1953)* 

The  stated  objectives  of  this  survey  are; 

1. )  To  learn  v/hat  are  the  species  of  aquatic  plants  (alg^e  and  flowering 
plants  whidi  exist  in  western  arctic  North  America. 

2. )  To  relate  the  flora  of  the  western  arctic  to  that  reported  from 

(’")  A more  detailed  report  will  be  prepared  and  scientific  papers  will  be 
writt«  after  laboratory  examinations  and  analyses  have  been  completed. 

This  phase  of  the  work,  of  necessity,  has  to  be  extended.  This  present 
report  is  submitted  as  a final  report  on  operation  under  the  contract* 
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the  eastern  arctic  (especially  the  flora  of  &roonland  and  north  Asia)  in  order 
to  dctcriiiine  possible  patterns  of  circun^iolar  distribution, 

3. )  To  coiipare  (and  contrast)  the  arctic  aquatic  flona  with  that  of  alpine 
situations,  especially  in  relation  to  r?Laciation, 

4. )  To  relate  the  flora  of  arctic  and  alpine  environments  to  limnoloeical 
.and  other  ccolOfical  factors  in  respective  habitats  whereby  explanations  of 
distribution,  or  at  least  si.-.nificant  correlations  mi^dit  develop, 

5. )  To  determine  the  quantity  and  quality  of  the  aquatic  flora  in  the 
above  mentioned  re  ions  in  reference  to  the  suitableness  of  bodies  of  water  for 
the  stoddn,:.  of  fish. 


Biolorlcal  Collections 

In  1951  about  400  qualitative  collections  of  algae  were  nr.de  and  preserved 
for  subsequent  study  from  miscellnncotxs  habitats,  mostly  within  a 15-mile  radius 
of  Point  BBanjcf®,  Alaska.  ThroUjjh  the  kindne:;is  of  cooperative  collea-ues,  a 
number  of  collections  were  obtained  from  the  re*ions  around  Ihiiat  and  'Tainwright, 
Alaste.,  Also,  from  selected  lakes,  a series  of  quantitative  samples  were  taken 
for  a llmio logical  study  of  bodies  of  'mter  in  the  Alaskan  arctic.  Because  of 
the  time  f?.ctor  and  conditions  limiting  field  work,  the  the  1951  operation  was 
defined  as  exploratory. 

In  1952  collections  began  in  June  and  ended  in  December,  vateglyin  this  period 
and  toward  the  latter  pa.rt,  borings  were  made  throiJgh  ice  (up  to  9 thick) 
in  order  to  obtain  biological  and  limnological  sanples.  Because  of  the  constancy 
of  the  character  of  samples  taken  through  the  ice  after  the  onset  of  winter,  it 
'Was  deemed  to  be  not  feasible  to  continue  the  suirvcy  beyond  mid-'winter.  In  ad- 
dition to  collections  from  strictly  aquatic  habitats,  subaerial  habitats  also 
were  saiipled,  and  a large  collection  of  lichens  wo.s  taken  for  a study  of  the  un- 
known al^.l  components  of  these  organisms  in  the  arctic. 
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HifeJier  aquatic  plants  were  collected  and  preserved  for  identifica,tion  in  order 
to  make  correlations  ™ith  the  altazil  flora  and  the  ecolo^  of  the  respective  habi- 
tats. 

In  January-April  (by  extension  of  the  project  to  include  alpine  stvidies) 

600  or  more  collections  of  al^e  (and  higher  aquatic  plants)  were  made  in  the 
Andes  Mountains  in  Ecuador, 

In  the  summer  of  1953  Q.  few  additional  qualitative  and  quantitative  «ig!ol 
collections  were  made  from  Petroleum  Reserve  4 for  conparison  with  the  col- 
lections from  the  same  habitats  in  previous  summers. 

These  collections  are  all  housed  in  the  \7riter's  private  herbarium  at  r'ichigsm 
State  College.  Some  dv5>licatcs  have  been  distributed  and  others  -Till  be  pre- 
pared for  distribution  to  such  herbp.ria  as  may  be  designated  by  QNR, 


Chemical  Data 

In  order  to  relate  aqus,tic  or.,anisms  with  ecolOtdcal  factors,  ’.witer  sainples 
were  taken  and  analyzed  in  the  laboratory,  Raadings  included:  pH,  dissolved 
oxygen;  alkalini'^;  ha.rdness,  calcium,  iron,  nitrogen,  and  phosphorus.  These 
analyses  were  made  on  sau5)les  from  six  selected  lakes  upon  which  an  intensive 
study  was  directed,  but  pH  and  alka.linity  headings  were  made  from  practically 
all  habitats  saapled,  both  in  the  arctic  and  in  the  Andes,  In  the  latter  area, 
hardness  of  water  (grains  per  gallon)  was  also  determined. 

Physical  Data 

ater  and  air  temperatures  were  recorded.  Also  the  biota  of  solidly  frozen 
IrJces  and  ponds  ’ms  exajnined  for  a study  of  the  ability  of  organisms  to  exist 
in  a frozen  condition.  The  local  U,  S,  Weather  Bureau  at  Point  Barrow  kindly 
furnished  daily  light-duration  and  light-intoisity  (calories  per  sq,  cm.) 
readings  with  which  plant  periodicity  and  population  densities  are  being  related. 
These  data,  physical,  cheodcal,  and  population  densities,  are  being  plotted  on 


graphs  TTith  the  objective  of  showixig  correlations  and  possible  e^lanations 
of  distrifjitttion  of  plants  both  in  time  and  in  space. 

Sttidies  at  Rome  laboratory 

Qpantita.tive  saizples  have  been  examined  and  analyzed  (counts  made).  Quali- 
tative samples  (nmbering  about  l600)  are  in  the  process  of  being  examined. 

All  species  are  being  illustrated  as  part  of  a plan  to  publish  on  the  aquatic 
flora  of  Petroleum  Reserve  Fo,  4,  Rew  species  are  being  described  -as  they  ap- 
pear in  the  collections. 

?or  the  tajconomic  and  identification  work,  and  in  order  to  meet  some  of  the 
objectives  of  the  project,  considerable  library  work  is  being  required  and  it  has 
been  necessary  to  obtain  some  literature  not  immediately  available,  A tedious 
but  highly  essential  check  list  of  arctic  and  alpine  species  as  reported  in  the 
literature  is  being  coiopiled. 

Tentative  Sxaaraary 

General  Nature  of  Lakes  in  Petroleum  Reserve  No,  4 

The  majoritj^  of  the  lakes  examined  are  shr.llow  (caveraging  about  15  feet  for 
maximum  depth),  and  accordingly  most  of  them  freeze  to  the  bottom  (the  first 
ice  forming  about  the  middle  of  September).  In  area  the  six  lakes  selected  for 
study  vary  from  about  100  acres  to  some  which  rare  over  a mile  in  length  by  half 
a mile  wide. 

Whereas  the  temperature  of  the  water  may  be  as  high  as  7.5  <ieg,  C.  in  midsum- 
mer it  was  found  to  be  0, 9-2,0  deg,  C,  most  of  the  time  during  which  the  study 
was  being  ca.rried  on.  There  is  an  average  difference  of  0,5  deg,  C,  between  the 
bottom  and  surface  water  during  the  sumLter  period. 

Because  of  the  constancy  of  precipitation  (however  slight)  and  of  seepage 
from  the  melting  of  frozen  tundra,  the  water  level  of  the  lakes  fluictmtes  in- 
significantly. Daring  midsummer  there  is  considerable  erosion  on  almost  all 
shores  because  of  the  persistent  strong  winds  \7hii^  vMp  up  a strong  wave  actioi. 
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Ube  ’’dnds  are  variable  in  direction  (at  least  in  the  Barrow  region)  so  that 
erosion  occurs  about  equally  on  all  shores.  Even  so,  erosion  is  relatively 
slight  on  these  tundra  lakes  beca\ise  of  the  compactness  of  the  nia.r|inal  plant 
covgr  and  accordingly  the  lake  shores  are  evai  and  the  Lakes  are  circular  in 
general  outline,  or  oval.  In  most  instances  where  the  shore  line  is  not  even  it 
is  because  the  arctic  grass,  Arctophyla  ftdva  has  migrated  into  the  water  and  has 
built  rp  points  and  shoals. 

The  lakes*  in  general,  are  slightly  basic,  some  having  a pH  a.s  high  as  7.8, 

The  same  lake  may  vary  in  this  respect  from  6.8  to  7.6  throut^out  the  summer, 
possibly  because  of  the  difference  in  photo  synthetic  activity  and  the  uptake  of 
CXDg.  The  lakes  are  low  in  electrolytes  and  the  usual  attending  plant  nutrients. 
Especially  they  are  low  in  nitrogen  and  phosphorus.  Hence  plant  life  in  the 
laj’ger  bodies  of  water  is  poorly  represented,  some  being  almost  'deserts'  with 
only  a few  species  of  diatoms  (low  in  numbers)  being  the  only  photosynthetic 
or^nisms  found.  Attached  and  filamentous  alga©  in  nearly  all  lakes  were  the 
kinds  tiv.t  are  \xsually  foiind  in  hard  a/nter  iirbitats  in  lower  la.titudes  (Ehizo- 
olonium,  Vaucheria,  ?pirogyra,  Scytonema,  Oscillatoria) , 

Most  of  the  small  Lakes  and  ponds  in  the  tundra  arc  hasic  also,  but  in  gener- 
al, s\:?)ported  a greater  va.riety  of  plant  life  (both  flowering  plants  and  algae). 
When  conpared  with  ponds  and  pools  in  lower  latitudes,  however,  they  are  poor 
producers,  both  in  respect  to  quantity  and  variety  of  species.  One  al^,, 
Botryococc;:ts  braunii  was  the  only  one  which  in  its  development  approached  a 
'bloom'  condition. 

In  contrast,  many  small  tundra  pools,  ditches,  and  swales  were  usually  found 
to  be  acid  (pH  6,0-6,9),  althou^  some  were  neutral  (pH  7»0).  Slightly  basic 
tundra  pools  were  found  to  have  a JHatom-Cyrnophyta  type  of  algal  flora  and  to 
s^port  a red  'strain'  of  the  grass,  Arctophyla  fulvn;  vdiereas  the  acid  pond 
had  a Desmid-Clhlorqplayta  type  of  algft.1  flora  and  supported  a gren-grsy  'strain* 
of  the  grass 


of  the  grass.  In  the  more  hl<<hly  acid  pools  and  ditches  '.7here  there  ms  a 
zoogloea  of  "bacteria  and  fungi  there  ms  a relatively  abundant  and  varied  nip>l 
popiilation.  Invariably  such  habitats  were  those  in  or  ne^.r  ©rosion  area.s  and 
where  there  had  been  a break-dom  of  the  tundra,  uiat  with  attendant  decoiirposition 
by  bacteria  and  fmgi  of  the  organic  natter  in  tundra  soil.  Thus  there  seems 
to  be  a definite  relationship  between  bacterial  decomposition  and  a varied  algal 
flora,  the  more  or  less  obvious  explanation  being  tlv't  in  such  habitats  there  is 
a greater  a:;Tount  of  dissolved  nutrients. 

In  spite  of  the  fact  that  the  base  soil  forieations  throighout  the  tundra, 
seemed  to  be  similar,  and  altncu^i  ecolcsical  condi cions  ir  geheiraLl  are 
similr,r  there  ms  foimd  to  be  grer.t  variation  in  the  lakes,  both  in  respect  to 
their  chemistry  and  the  composj  tion  of  the  flora.  Detailed  soil  maps  of  the 
axes,  are  not  available,  but  studies  in  progress  are  g>ing  to  show,  apparently, 
that  si^ificant  differences  in  soil  chemistry  and  phj''sics  exist. 

figures  will  be  presented  in  detailed  reports  to  sliovr  the  variability  in 
alkalinity,  hexdness,  calcium-content,  etc.  The  arctic  slope  in  Alaska,  is 
unique  becn,use  of  the  fact  that  it  lies  in  aii  ua^aciated  area.  Tliis  me^^ns 
that  the  habitr.ts  and  the  biota  of  the  re^on  he.ve  been  .’S'm  »lw-«d  by  the  attend- 
ing disturbances  of  glaciation  and  one  is  permitted  to  suppose  that  the  flora 
and  fauna  (both  terrestrial  and  aquatic)  mi.?ht  show  unique  features  also. 

In  at  least  three  of  the  lakes  studied  Intensively  (Imerksungk,  Ikrowik, 
Imikpuk)  the  and  microfauna  were  found  to  be  sufficient  in  quantity  to 
ST;g?port  a limited  fish  population.  In  onely  one  (Ikrowik)  are  fish  known  to 
occur.  From  our  present  knowledge  it  muld  appear  to  be  expedient  to  stock 
with  fish  those  lakes  which  are  able  to  s\;5)port  a food  eba-in,  providing,  of 
course,  that  those  lakes  were  deep  enou^  as  to  not  freeze  solid  during  the 
’-Tinter, 
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ALPIKB  COLLECTIONS 

In  Ecuador  three  months  were  spent  in  hifZh  altitudes  (9 » 500-14,500  feet). 
Collections  were  made  from  thirty  high  altitude  lakes  in  5 different  privinces 
of  the  country t in  addition  to  collections  from  numerous  ponds,  streams,  hogs 
and  marshes;  also  suhaerial  habitats,  for  con^.rison  one  series  of  collections 
was  made  do'.m  to  an  elevation  of  1200  feet  on  the  Amazon  side  of  the  Andes. 

Also  a few  collections  \7ere  made  from  near  sea  level  on  the  Bacific  lowlands 
to  the  west  of  the  nopntains. 

Besides  algae,  associated  hir.her  plants  were  also  collected,  as  well  as  ter- 
restrie.1  plants  in  the  vicinity  of  alpine  lakes  and  bogs.  Tenperature , pH  and 
hardness  (grains  per  £^llon)  readings  were  taken. 

Truly  alpine  lakes  sho’'ed  floral  characteristics  usually  possessed  by  snow-fed 
bodies  of  water,  namely;  an  almost  total  absence  of  species,  Diose  whidh  did 
occur,  ho\7ever,  are  considered  to  be  of  significance  and  the  conp)Sition  of  these 
floras  will  be  compared  with  those  of  other  high  altitudes  and  with  lists  of 
arctic  plants  when  analyses  of  the  samples  have  been  completed.  Although  but  few 
of  the  saiiples  ha.ve  been  examined,  there  appears  at  present  to  be  some  interesting 
similarities  between  alpine  and  arctic  alga.l  floras. 

In  general,  alpine  lakes  are  low  in  nutrients  (as  would  be  e^roected),  and  are 
neutral  or  slightly  basic.  Hence  they  cannot  support  a rich  biota.  Hanging 
bogs  high  altitudes  also  were  found  to  be  'desertous* . As  in  arctic  situa- 
tions, however,  where  there  was  bacterial  decomposition  and  an  erosion  of  the 
top  soil  there  was  a corresponding  increase  in  the  amount  and  in  the  kinds  of 
algae.  This  was  striking  in  some  situations  where  a small  pool  in  a bog  con- 
tained a rich  zoogloea  of  algae  (principally  desmids)  lying  but  a few  feet  from 
other  habitats  in  which  there  were  no  algae  at  all. 


Crater  lakes,  theoretically  suitable  for  al^l  floras  in  some  respects,  were 
found  to  have  scanty  ^*rov7ths  (hut  unique  in  con^josition),  I’eorly  alv.«ys  such 
lakes  possessed  a Diatom-Cyano  ihyta-Chara  flora. 

In  sube.lpine  lakes  which  had  been  influenced  by  hunrin  settleraents,  there  were 
relatively  rich  floras  of  both  aqup-tic  flowering  plants  and  algae.  This  is  in 
keeping  with  the  greater  aiiomts  of  dissolved  nitrogen  and  pho^horus.  The 
lake  which  was  the  richest,  perhaps,  of  any  examined  in  respect  to  both  bulk  and 
quality  of  algae  was  laguna  Yarquacochi  (lake  of  Blood).  This  lake  apparently 
shows  still  the  effects  of  the  increased  nitrogen  provided  it  when  10,000 
slau^tered  Indian  warriors  were  thrown  into  it  during  the  time  of  the  Incas. 


A paper  reporting  on  this  investigation  was  presented  at  the  Alaska  Science 
Conference  (AAAS)  meeting  at  MCKinley  Park  in  September,  1952.  Also  a paper 
was  presented  at  the  Michigan  Academy  of  Science,  meeting  in  Ann  Arbor,  March, 
195^.  In  October,  1953  a preliminary  report  was  published  in  the  American  Mid* 
land  Baturalist,  50(2):  ^3-^73»  entitled;  Preliminary  Notes  on  the  Ecologr  of 
freshwater  Al@ie  of  the  Arctic  Slope,  Alaska,  with  Descriptions  of  some  New 


